This paper examines the impacts of ICT in public and private Sudanese universities. We verify the first and third hypotheses that the use of ICT facilitates connection, networks and collaboration within public and private universities in Sudan, with local, regional and international institutions. We support the second hypothesis that the use of ICT enhances access, production and dissemination of knowledge in Sudanese universities. We support the fourth hypothesis that the use of ICT introduces a 'creative-destruction' effect by providing opportunities for knowledge production, building connection and organizational changes; but simultaneously also creates hazards to knowledge production and building disconnection for those who do not share the knowledge in public and private Sudanese universities. We show that the most important advantages linked to using the Internet for enhancing production, creation and transfer of knowledge include the increase of digital knowledge for academic and researchers, the rapid quantitative and qualitative increase in transferring information, the development of new models for disseminating and distributing electronic information, and the increase of free access to electronic publications for academic purposes. We find that the main problem related to using the Internet is the lack of a regular budget for university libraries to pay for licenses and access to scientific and technical information.
The Impact of ICT in Public and Private Universities in Sudan 1. Introduction
This paper discusses the importance and impact of ICT in the transformation and production of knowledge in Sudan, notably in public and private Sudanese universities where there is a steady increase in the use of ICT compared to other poor developing countries.
Given the relatively few studies that focus on the interaction between ICT and knowledge, this paper fills the gap in the literature by focusing on Sudan as a new case study and using new primary data on the impact of ICT in transformation and production of knowledge. Different from the limited scope of analysis presented in Nour (2002; 2006) , this paper provides more comprehensive analysis of the role of ICT in enhancing knowledge production and transformation in Sudanese universities using the most up-to-date and relevant data.
The aim of this paper is twofold; first, to examine the use of ICT at Sudanese This paper consists of four sections: Section 1 presents an introduction, Section 2 reviews and discusses the literature on the significance and impact of ICT. Section 3 explains the data and methodology, examines the hypotheses and shows the main results concerning the potential opportunities and challenges that the use and impact of ICT is introducing in transformation and production of knowledge in Sudanese universities. Section 4 provides the conclusions.
___________________________________________________________________________

Review of Theoretical and Empirical Literature
The rapid progress in Information and Communications Technologies (ICT) and their impact on the global knowledge economy have intensified in recent years, leading to a new economic system characterized by intensive knowledge production that has attracted a great deal of interest. It has also increased debate on the effects of ICT and the economic opportunities and challenges that ICT imposes on the production and dissemination of knowledge in the global economy, particularly for the developing countries.
The continuous move towards globalization has recently made information and communication technologies one of the most important factors in achieving success as well as in seeking new markets, improving quality, providing better and faster customer service and bringing the flexibility needed to make changes quickly.
The impact of technical changes in knowledge production, economic growth and development has received particular interest in the literature on economic growth. Many recent studies have shed light on the impact of ICT on knowledge production, economic growth, productivity, employment, organization of work, competition and human capital development.
While the impact of technological progress in general is difficult to measure, the recent theoretical and empirical literature has used indicators to approximate its effect on economic growth and investigate the positive and negative impact (opportunities and challenges) that ICT has had on the global economy. Some recent studies, for example, have used an index of investment or expenditures on ICT, IT, computers and computer equipment and provided robust results showing the various influences on economic growth and development (cf. Jorgenson and Stiroh, 1995; Phojola, 2000; , productivity (cf. Hitt and Brynjolfsson, 1996; Brynjolfsson and Yang, 1996) , employment, work organization (cf. Bresnahan, Hitt and Brynjolfsson, 1999) and skills upgrading (cf. Acemoglu, 1998; Hwang, 2000) . One interesting finding confirms the importance of ICT for enhancing economic growth not only directly but also indirectly through the production of knowledge and the complementary relationships between ICT, human capital/skills and skills upgrading. For instance, several studies use indicators to examine the complementary relationships between technological progress (as measured by ICT) and human capital (as measured by the increasing utilization of better-educated workers) (cf. Goldin and Katz, 1998; Bresnahan et al., 1999; Autor, Katz and Krueger, 1998; Acemoglu, 1998) . Some of these studies explain the relationship between ICT, IT or computer use and skills upgrading defined by increase ___________________________________________________________________________ either in the incidences of training (cf. Bresnahan, 1999) or the share of highly skilled workers (cf. Autor, Katz and Krueger, 1998; Bresnahan, 1999; Hwang, 2000) .
On the other hand, various studies discuss the hazards ICT creates for economic development. Most of this literature is based on the idea that technical change is a creative process that creates opportunities for development, while also imposing certain restrictions on development. For example, several studies have highlighted the negative impact and implications of the increasing use of IT or ICT on employment and the labour market (cf. Bound and Johnson, 1992; Berman Bound and Griliches, 1994; Freeman and Soete, 1985; 1997; Acemoglu, 1998; Aghion and Howitt, 1998; Autor, Katz and Krueger, 1998) .
It has also been hypothesized that ICT could have adverse effects in the developing world because greater advantages will accrue to the industrialized world from global competitiveness than to the developing world, thus making it hard for less-developed countries to compete on the international market. Furthermore, the rapid evolution of ICT will make it harder for developing countries to bridge the already-widening gap between the developed and developing world. ICT, by increasing inequality in income distribution and thus adding to the poverty of the poor, will have adverse results on the status of the poor. ICT may intensify competition and thus widen the existing digital divide between the developed and developing worlds. The literature indicates a growing but limited effect of ICT diffusion in developing countries due to a lack of investment in the complementary infrastructure such as education, skills and technical skills. (cf. Pohjola, 2002; Kenny, 2002; Nour, 2002b; 2006) . Several studies discuss the role of ICT in enhancing knowledge.
2 For instance, Smith (2000) indicates four approaches to the knowledge economy, in particular, the argument for the positive role of ICT in knowledge "…. Finally, there are those who argue that the knowledge economy rests on technological changes within ICT, since innovation in computing and communications changes both physical constraints and costs in the collection and dissemination of information. So for some, the rise of ICT technologies and the complex of ICT industries are coterminous with the move to a knowledge society. Foray and Lundvall (1996) argue a more sophisticated view: "Even if we should not take the ICT revolution as synonymous with the advent of the knowledge-based economy, both phenomena are strongly interrelated … the ICT system gives the knowledge-based economy a new and different technological base which radically changes the conditions for the production and distribution of knowledge as well as its coupling to the production system." Then there is the role of ICT. The weighted response rates were: 81%, 82%, 77%, 100% and 100% for all universities academic teaching staffs, for public universities academic teaching staffs, for private universities academic teaching staffs, for the support staffs and for students respectively. 6 As indicated by 64%, 60%, 60%, 54% of the respondent all universities academic staffs respectively. 7 As indicated by 61%, 61%, 58%, 52% of respondent public universities academic staffs respectively. 8 As reported by 76%, 71%, 65%, 59% of respondent private universities academic staffs respectively. 9 As indicated by 80%, 60%, 60%, 60% of the respondent support staffs respectively. ___________________________________________________________________________ somewhat less importance than the higher equivalent effects in facilitating connection with other institutions in Sudan and connection with regional and with international institutions.
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One interesting observation from our findings is that both public and private universities agree on the importance and value of Internet for facilitating connection and internal networks inside the institutions. The importance and value of Internet for facilitating connection and internal networks inside the institutions is higher in the private universities compared to public universities, which may not be surprising in view of the fact that private universities most probably have developed and owned more favourable ICT infrastructure and managed to provide more facilities and therefore more conducive environment for promoting good connection and internal networks. Another interpretation is that promotion of internal connection and network is probably used by these private universities to compete with other universities in attracting more qualified academic teaching and support staffs and qualified students.
Another interesting observation from our finding is that both the support staffs and students agree on the fact that the effect of Internet in facilitating external network is equivalent regardless of the nature of the different external institutions. However their points of view differ in the fact that the support staffs value the effect of Internet in facilitating internal connection and networks higher than the external networks, whereas, students present an opposite point of view and value the effect of Internet in facilitating external connection and networks more than internal networks. This result is plausible in view of the fact that support staffs most probably are more concerned with internal connection inside their institutions, whereas students most probably are more interested in broadening their connection, namely external connection with other international, regional and local institutions in Sudan. From the students' perspective strong connection and network with external institution is probably required for increasing and enhancing educational, learning and research skills for students. Source: Own calculation based on the University survey (2009).
10 As reported by 65%, 69%, 69%, 69% of the respondent students respectively. ___________________________________________________________________________
ICT (Internet) Impacts: opportunities and challenges:
The results of the university survey indicate that from all universities academic teaching staffs, support staffs and students' perspectives Internet leads to several positive impacts, opportunities and advantages, but also leads to other negative impacts, challenges and difficulties. This section explains first the opportunities and advantages and then the challenges and difficulties, see Tables 2-3 and Figures 1-8 below.
3.1. ICT (Internet) opportunities and advantages:
From all universities academic teaching staff, support staff and students' perspectives the Internet leads to many positive impacts, opportunities and advantages-see Table 2 below.
From all universities academic teaching staffs' perspective the Internet provides many opportunities and advantages for facilitating connection and transformation and enhancing the production, creation and transfer of knowledge. One interesting observation from our findings is that both public and private universities agree on the importance and value of Internet for providing many opportunities and advantageous for facilitating creation and transfer of knowledge in the Sudanese universities. The importance and value of Internet for providing many opportunities and advantageous for facilitating creation and transfer of knowledge is higher in the private universities compared to public universities, which may not be surprising in view of the fact that private universities most probably have developed and owned more favourable ICT infrastructure and managed to provide more facilities and therefore more conducive environment for providing many opportunities and advantageous for facilitating creation and transfer of knowledge. Another interpretation is that promotion of opportunities and advantageous of Internet for facilitating creation and transfer of knowledge is probably used by these private universities to compete with other universities in attracting more qualified academic teaching and support staffs and qualified students. The only exception is related to the importance of Internet in increasing integration in the world and international knowledge, as the public universities values it higher than the private universities. This is probably because, majority of the public universities are elder and have already established a good repetition and relationship with the world and international knowledge institutions whereas the majority of the private universities -probably except Ahfad-are relatively younger and only recently started to build repetition and relationship with the world and international knowledge. 20 As indicated by 92%, 88%, 85%, 81%, 77%, 73%, 69% and 62% of the respondent students respectively. 
3.2 ICT (Internet) challenges, problems and difficulties:
From all universities academic teaching staffs, support staffs and students' perspectives Internet leads to some other negative impacts, challenges and difficulties-see Table 3 below. From the support staffs' perspectives the top problems related to the use of Internet include lack of or inadequate regular budget adequate for universities libraries to pay for access to scientific and technical information, author's rights and have licenses or subscriptions) and the problem of access to scientific and technical information for creation and transfer of knowledge, in addition to, lack of clear objectives and strategic planning, lack of enthusiasm for the use of Internet to improve and increase efficiency and promotion of institutions of higher education and scientific research due to limited electronic knowledge and wide spread of electronic illiteracy and lack of access to credit cards and lack of security in their use. In addition all problems and difficulties hindering the use of ICT for facilitating connections and transformation and enhancing the production and transfer of knowledge that highlighted above by academic teaching staffs are also highlighted by support staffs.
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From the students' perspective the top problem related to the use of Internet is the problem of access to scientific and technical information for creation and transfer of knowledge, in addition to lack of or inadequate regular budget adequate for universities libraries to pay for access to scientific and technical information, author's rights and have licenses or subscriptions, lack of enthusiasm for the use of Internet to improve and increase efficiency and promotion of institutions of higher education and scientific research due to limited electronic knowledge and wide spread of electronic illiteracy and creating gap (related to training and financial ability to communicate) between those who own and those who do not own the Internet technology. In addition all problems and difficulties hindering the use of ICT for facilitating connections and transformation and enhancing the production and transfer of knowledge that highlighted above by academic teaching staffs are also highlighted by students.
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One interesting observation from our findings is that both public and private universities agree on availability of several problems and challenges related to the use of 26 As indicated by 77% of the respondent all universities academic staffs. 27 As reported by 75%, 74%, 74%, 70%, 68% of the respondent all universities academic staffs respectively. 28 As indicated by 80%, 60% and 40% of the respondent support staffs respectively. 29 As indicated by 88% 77%, 73%, 69%, 65%, 62%, 58%, 58%, 58%, 58%, and 54% of the respondent students respectively.
___________________________________________________________________________
Internet that hindering the creation and transfer of knowledge in the Sudanese universities. The complaint about most of these problems and difficulties and their corresponding implications in hindering the creation and transfer of knowledge is higher in the private universities compared to public universities. This is somewhat surprising in view of the fact that private universities most probably have developed and owned more favourable ICT infrastructure and managed to provide more facilities and therefore more conducive environment for meeting the challenges, solving the problems and difficulties hindering creation and transfer of knowledge. 
Conclusions
This The second hypothesis that the use of ICT was found to enhance access, production and dissemination of knowledge was confirmed, and Sudanese universities' academic teaching staff, support staff and students thought that the most important advantages the Internet brought were providing information that was previously not available or accessible and a rapid quantitative and qualitative increase in transfers of available information. In addition, the development of a new model to disseminate and distribute electronic information, whereby the information moved towards the user, increases the creation and transfer of knowledge. They valued the increase in the free access they had to electronic publications for academic purposes. All Sudanese universities academic teaching, support staff and students put the lack of a regular budget for university libraries to access scientific and technical information, authors' rights and have licences or subscriptions as a major concern. A final hypothesis, that the use of ICT introduces positive and negative effects by providing opportunities for transformations and knowledge production but simultaneously also creating hazards to transformations and knowledge production in Sudanese universities was also confirmed: the positive transformation is building connections and organizational changes, while the negative transformation: is disconnection for those who do not share the knowledge accessed and/or do not know how to use ICT.
ICT introduces opportunities and challenges for the creation and transfer of knowledge. One of these challenges is that ICT has the capacity to lead to disconnection and the marginalization of some people. Disconnection implies difficulty in getting connections due to problems on both the supply and demand sides. On the supply side, disconnection is caused by poor availability, inefficiency and the irregular supply of ICT services. On the demand side, disconnection means an inability to connect that is probably due to both poverty and, therefore, the lack of opportunity to have access to ICT and of adequate skills and knowledge about how to use ICT. This implies that disconnection can lead to the creation of gaps and the marginalization of some who are poor and lacking access and others who may lack the skills and knowledge required to use ICT. The major ethical and political implications are that ICT, by causing disconnection, has the potential to add a new form of marginalization and thus add to the already existing inequalities between different social groups in Sudan. The major policy recommendation on the demand side is to increase subsidies for the poor to facilitate their access to ICT and to increase literacy rates, skills and knowledge about ICT in order to improve access to it. The major suggestion on the supply side is increased availability, sustainability and efficiency of ICT services. ICT, it is sponsoring its own elite. In addition to the political issue, there is also an ethical issue. If the Sudanese government spends scarce resources (i.e. money for development) on the development of ICT for universities, it thereby reduces the amount it has available to address important issues such as poverty and health. This is a disadvantage of ICT, as government spending on ICT takes money away from other urgent target groups (i.e. the poor). The major implication here is that more spending on ICT means less spending on social developments, such as health and poverty reduction. Poverty will continue to increase and the poor will continue to suffer. The challenge, therefore, is how to strike the right balance when allocating government funds to different priorities. Our major policy recommendation is to encourage private-sector involvement in ICT and to focus government spending on ICT more towards the beneficiaries of the poor by upgrading their skills and offering them more education and employment opportunities, which could contribute to achieving UN Millennium Development Goal (MDG) of halving the number of people living in poverty by 2015. The general conclusion is, however, that there are more advantages than disadvantages to using ICT in Sudanese universities.
